The electromagnetic (EM) field distribution in the superconductor is an important topic. In this paper, we present a new GILD(Global Integra and Local Differental method) and GL (Global and Local Field method) modeling for the magnetic field in the superconductors. We use the magnetic integral equation globally and second order London -Maxwell magnetic Garlerkin equation locally to construct GILD superconductor EM modeling. We derive a new magnetic integral equation to construct GL superconductor EM modeling. The GILD and GL superconductor modeling can be widely used for the complex inhomogeneous vortex state superconductor media in the applications.
Introduction
There are papers to study magnetic field in the superconductor. Most research works are concentrated only for superconductor media with regular geometry or layered media. Moreover, the suitable boundary condition is often difficult for superconductor modeling. In practice applications, the superconductor device is embedded in the base seat or piece which is normal materials. Therefore, we need solve magnetic field distribution problem in the mixed material combining normal conductor and superconductor.
In this paper, we present new GILD and GL modeling methods for the magnetic field in the superconductors. The new magnetic differential integral equation for the superconductor is obtained using the London magnetic penetration mode. We use the magnetic differential integral equation globally and second order LondonMaxwell magnetic Garlerkin equation locally to construct the GILD modeling. We derived a new magnetic differential integral equation for the new GL superconductor modeling. The GILD and GL superconductor modeling can be widely used for the complex superconductor media in the applications.
In the optical-electric science and engineering, the electromagnetic field distribution in the superconductor is important project. We consider the electromagnetic field distribution in the vortex state of the high-T c superconductor, like Y Ba 2 Cu 3 O 7−δ and the type -II superconductor N bSe 2 . In the type II superconductor, when a small magnetic field H < H c1 (Meissner state) incident to it, the field is expelled from the interior of the superconductor device. When H c1 < H < H c2 , the incident magnetic field can penetrate into the superconductor. Recent, there is a magnetic superconductor materials, like heave Fermi class materials etc. In the magnetic superconductor (MSC), the magnetic property and superconductivity are co-existed in the type materials. The magnetic field in the MSC will become complicated.
The quantized electromagnetic field with very high frequency is needed for investigating the internal properties of the magnetic superconductor. We will present GL quantized magnetic superconductor modeling in next paper. Also we will develop stochastic SGILD and SGL magnetic field modeling for the superconductor media.
The complex absorption boundary condition is replaced by the magnetic field boundary differential integral equation in GILD method. The GILD method decomposes the big matrix into smaller matrices parallel. GL superconductor EM modeling is novel and totally new method. In the GL modeling, the complex absorption boundary condition is not necessary, and there is no any big matrix equation to solve. The GL modeling is different from FEM, FD, and Born like methods. It is available for any high frequency and large contrast material.
The plan of this paper is as follows: Our magnetic differential integral equation is described in the next section. An modified London Maxwell magnetic field equation is described in third section. In section 4, we describe the new magnetic field differential integral equation in superconductor material. GILD superconductor EM modeling is described in section 5. In section 6, we present new GL Superconductor EM Modeling. The mixed GILD and GL magnetic field modelling is described in section 7. In the section 8, we present the merits of the GL magnetic field modeling. The applications are described in the section 9, Finally, we describe conclusion in the section 10.
Magnetic Field Differential Integral Equation
In 1995, G. Xie and J. Li proposed a new magnetic differential integral equation as follows
where H(r) is the magnetic field, E M b (r ′ , r) is the electric Green tensor excited by the magnetic dipole. σ is the electric conductivity, ε is the electric permittivity, σ b is the background electric conductivity, ε b is the background electric permittivity, µ is the magnetic permeability assumed continuous or constant, ω is the angular frequency, Ω is the finite bounded domain with (σ − σ b ) + iω (ε − ε b ) = 0, H b (r) is the background incident magnetic field. The magnetic field differential integral equation has advantages over the traditional electric integral equation by Holmond (1975)
(1) the Green electric tensor (2) is divergent. (2) When σ is discontinuous, the macro magnetic field in equation (1) is continuous if the permeability µ is constant or continuous, but the electric field in equation (2) is discontinuous. (3) when
and the magnetic differential integral equation (1) is still effective, but the electric integral equation (2) will be crash.
Modified London Maxwell Magnetic Field Equation
In the superconductor material, the resistance is lost and super current is occurring. The Maxwell equation and the electric integral equation are not available for the electromagnetic field in the superconductivity media. Suppose that the macro electric conductivity σ → ∞ in the superconductor, the new magnetic field differential integral equation (1) is still available for the magnetic field in the HSC(High Temperature SuperConductor),
In the superconductor physical theory, the London equation and London magnetic penetration are introduced to describe the superconductor property. Using the London magnetic penetration depth concept, the London-Maxwell magnetic differential equation is as follows λ
where λ
the λ L is the London penetration depth, n s is the super flow density, e is the charge, m is the mass, c is the light speed.
Λ is an important physical quantity which is proportional the vortex state super fluid density n s . We modify the equation (3) as a new magnetic differential equation for superconductor
New Magnetic Field Differential Integral Equation I
It is very important to modify the London Maxwell equation (3) to the new magnetic field differential equation (6) . Then we can obtain the new magnetic differential integral equation I for superconductor as follows,
When the superconductor is embedded in the normal materials or free space, the new magnetic differential integral equation in the superconductor is effective. In some superconductor, the London magnetic penetration depth λ L is very small, Λ is very lager, Λ + (σ b + iωε b ) Λ → 1, the equation (7) is similar the equation (1).
Therefore, we can in intuitionally think σ → ∞ in the superconductor, the magnetic integral equation (1) is available and
The London mode is the extension mode from Maxwell mode in superconductor materials. The λ L and Λ depend on the temperature T. In the Vortex lattice, we use λ (a,b) to replace λ L .
GILD Superconductor EM Modeling
The domain of the superconductor is divided into the set of the cubic elements. The collocation FEM for the new magnetic differential integral equation (7) on the boundary and the Galerkin FEM for the new differential equation (6) in the internal domain is coupled to construct the GILD magnetic field modeling in the superconductor.
Finite element scheme for 3D magnetic integral equation
The 3D domain is divided into a set of cubic elements with 8 corner nodes (Li and Xie, 1999 and Xie and Li, 1999). Substituting the finite element magnetic field functions into the differential integral equation (7) for the magnetic field and using the collocation method in conjunction with the matched domain finite element scheme, The integral is calculated using the Gaussian numerical integration formula.
GILD Finite Element Method
The FEM equation in (7) includes the unknown magnetic field H b on the boundary and H d in the internal domain.
The boundary matrix equation of (7) is
Where K bb and K bd are matrices, H In the internal domain, we apply the FEM scheme of the Galerkin equation of the equation (6) 
presented in Xie et al. (2000) and Xie (1975). The matrix equation of the internal domain FEM equation in matrix form is
Where K db and K dd are matrices, Q b is the source vector on the boundary, Q d is source vector in the internal domain. The matrix equations (8) and (9) are coupled to construct the complete GILD finite element equation system.
Parallel GILD algorithm
A parallel GILD Finite Element Method algorithm is presented as follows:
(1) The domain is decomposed into the two parts, SI and SII , SI is a set of nodes on the boundary, SII is a set of nodes in the internal domain. The finite element matrix equation (9) in the internal domain SII is sparse. The SII is decomposed into 4 n subdomains SII(l), for example, l=1,2,...,4 n .
(2) The 4 n parallel CPU elements parallel computer will be used to solve the 4 n sub matrix equations, in parallel. (4) Finally, a complete finite element matrix equation on the boundary is obtained. A parallel LU decomposition is used to solve the boundary matrix equation, and the magnetic field on the boundary will be obtained. By backward processor, the magnetic field in the internal domain can be obtained. The boundary integral representation can be used to calculate the magnetic field outside of the domain in parallel. The boundary strip differential integral equation is described in [4] , r is point in the domain and r ′ is point on the boundary.
GL Superconductor Modeling

New magnetic field differential integral equation II
We derived a new magnetic field differential integral equation II for the superconductor as follows .
where G M H (r ′ , r)is the magnetic field Green function which satisfies the equation
I is identify matrix. 6.2. New GL superconductor magnetic field modeling In this section, we present a new Global and Local electromagnetic field modeling [1] [2] [3] for superconductor which is called GL superconductor EM modeling.
The finite inhomogeneous superconductor domain is imbedded into the infinite whole or layered normal conductor background domain. The incident background EM field is called an initial global field. The global EM fields are updated by local scattering EM fields in superconductor sub domains locally and successively. The total GL EM field is obtained when the global field is passing through the inhomogeneous domain. We have proved that the finite GL iterations can obtain exact discrete EM field in superconductor media which satisfies the discrete differential integral equation (11) and (7). The GL EM field converges to the exact EM field which satisfies the modified London Maxwell magnetic field equation (6) when the cell size is going to zero with O(h 2 )convergent rate. Super convergent rate O(h 4 ) is obtained when the Gaussian integral points are used. Multi-layers model of a high temperature superconductor
Mixed GILD and GL Magnetic Field Modelling
The superconductor and normal conductor and insulator are often mixed embedding each other and are included in free space. A variable spacing planar high temperature superconductor waveguide device is shown in Figure 1 .
A new mixed GL magnetic field modelling is available for the mixed superconductor model. A designed index for each sub domain. Index is set to A if the sub domain is superconductor, otherwise index is set to B. The new magnetic differential integral equation (11) is used in the sub domain with index -A. In the sub domain with index -B , the new magnetic differential equation [5] [6]
is used. If the element with index -0 is internal domain, the Maxwell magnetic differential equation is used.
Merits of the GL Magnetic Field Modeling
The merits of the parallel GL magnetic field modeling in HSC are as follows [1] [2] [3] : New GL modeling is total new novel method and has advantages over FEM, FD, and Born like etc. method.
(1) The complex and artificial boundary conditions are necessary in FEM and FD method. GL modeling method is totally different from FEM and FD method. There is no any artificial boundary and no any absorption boundary condition in GL method.
(2) To solve large matrix that has been heaviness burden in FEM and implicit FD method. The GL modeling completely overcome the difficult. There is no any big matrix to solve in GL method. GL method only needs to solve 3 by 3 or 6 by 6 small matrices.
(3) Born like method and FEM method are no accurate for high frequency and large material contrast. GL method has no limitation of the high frequency and lager material contrast.
(4) Born like method is an approximation using the electric integral equation (2) and the analytical background field. It is not accurate for high frequency, large domain, and large material contrast. Asymptotical method is an approximate analytic method, FEM and FD are numerical method. They are independently developed. GL method perfectly combines analytical method and numerical method. GL method can obtain accurate field for any high frequency, large domain, and large material contrast.
(5) GL method is self parallel method. It is very high performance in parallel computer and PC-Cluster.
(6) GL and GILD methods are different. In GILD method, the differential integral equation is used for artificial boundary condition. The large matrix is decomposed by GILD parallel algorithm. However, these tasks are reduced in GL method.
Application
Many tests show that the new GL and GILD magnetic field modeling for superconductor is accurate and stable. They will be a powerful tools for studying superconductor material. The simulations of the practice design model for micro wave field in the nonlinear VSPPR superconductor are performed. The simulation data and results will be published in next paper.
The GL EM method will have very wide applications in the electromagnetic sciences and engineering, superconductor material, continuous casting, geophysical exploration, antenna designs, microwave astronomers, weather radar imaging, GPR, nondestructive testing, the mechanical problems, the heat diffusion, seismic wave propagation, quantum mechanics and quantum electromagnetic field in nanometer sciences. The 3D GL acoustic, 3D GL EM field and 3D GL elastic wave modeling software are developed by us in GLGEO. The GL method algorithm and software are our invent patent in the GL Geophysical Laboratory.
Conclusion
Many GL superconductor model simulations show that the EM field by GL modeling is fast convergent to exact EM field for high frequency and high contrast material property, while FEM method fails to simulate EM wave field in the high frequency. We have proved that the GL modeling method can obtain exact discrete EM field which satisfies the discrete differential integral equation. The GL EM field converges to the exact MAXWELL EM field when the mesh step is going to zero with O(h 2 )convergent rate. Super convergent rate O(h 4 ) is obtained when the Gaussian integral points are used. Our GL quantum electromagnetic superconductor method will be present in next paper. We will present GL and GILD superconductor simulations in Journal papers.
